Background Although some adverse health effects of exposure to polyvinyl chloride (PVC) are well known, there is limited evidence of its effects on the respiratory system.
Introduction
With the development of the plastics industry, diseases caused by exposure to vinyl chloride (VC) and polyvinyl chloride (PVC) had been identified by 1970. Portal hypertension, peripheral circulatory disturbances and malignancies such as angiosarcoma were all reported to be associated with exposure to VC [1, 2] .
The amount of PVC produced since the 1970s has continued to increase, although limited data concerning the effects of PVC exposure on the pulmonary system are available [2] [3] [4] . This study was, therefore, performed in order to assess the effects of exposure to PVC on the pulmonary system.
Methods
This study was conducted between July 2008 and July 2009 in two different companies. A total of 147 out of 148 workers gave consent for participation in this study. The employees working in various areas of PVC production constituted the 'exposed group' and the employees working in different buildings other than the production area constituted the 'non-exposed group' in both facilities. The cases designated as the 'non-exposed group' worked in the administrative sections and were not exposed to PVC dust. This study was approved by the ethics committee of the Gaziantep University and supported by the University of Gaziantep Research Fund.
Participants completed the Occupational and Environmental Pulmonary Diseases Evaluation Form prepared by the Turkish Thoracic Society [5] . Dem ographic variables, work-places, duration of work, habits and hobbies, as well as symptoms, were recorded. Pulmonary function tests (PFTs) were performed by the same technician, using a Vmax instrument (Viasys, Yorba Linda, CA, USA), according to the guidelines of the American Thoracic Society. High-resolution computed tomography (HRCT) scans were obtained for each subject using a spiral CT scanner (Philips Brilliance 16) in the supine position without intravenous contrast medium. The technical scan parameters were 120 kV and 140 mA. The images were obtained at inspiration using a slice thickness of 1.2 mm and were displayed at window and level settings that optimized the visualization of lung parenchyma (level: 500 Hounsfield units (HU), width: 1.500 HU). HRCT scans were independently evaluated by one blinded radiologist, according to the guidelines of the proposed international classification of HRCT for occupational and environmental respiratory diseases [6] . Particulate matter analyses were performed at the Adana Central Laboratory of the Directorate of Occupational Health and Safety.
Mean values with standard deviations, as well as frequency distributions, were calculated. Student's t-test, the Mann-Whitney U-test, chi-square test, Fisher's exact test and logistic regression were used to analyse the data. SPSS 13.0 software was used for data analysis.
Results
In total, 9 of the 147 subjects were females. All female subjects worked in the administrative department. Moreover, 43 subjects (29%) worked in the administrative sections, and 104 (71%) were exposed to PVC dust during the manufacturing process. There were statistically significant differences between the administrative and exposed groups with respect to gender, age, weight, body mass index, respirator use and domestic heating ( Table 1 ). The mean duration of work was 59 ± 49.5 months (range: 12-240). There was no difference between the administrative and exposed groups with respect to duration of work. There were no differences in respiratory symptoms between these two groups, except for cough (Table 2 ). (7) 4 (9) 6 (6) Other 10 (7) 6 (14) 4 (4) * P < 0.05; ** P < 0.01; *** P < 0.001. groups was significant (P < 0.05) even after excluding the subjects with parapneumonic pleurisy or pneumonia.
HRCT showed parenchymal changes in 13 (30%) and 49 (48%) subjects in the administrative and the exposed groups, respectively. By HRCT, isolated parenchymal changes were detected in 55 subjects, 43 of whom were in the exposed group.
Findings of irregular/linear opacity and emphysema on HRCT were present in both the administrative and the exposed groups, whereas round opacity, inhomogeneous attenuation and ground-glass opacity were present only in the exposed group. Differences between the two groups reached statistical significance for inhomogeneous attenuation and ground-glass opacity (P < 0.05).
All 43 subjects in the administrative group and 102 subjects in the exposed group gave consent for HRCT scanning. HRCT changes were detected in 13 subjects in the administrative group (30%) and 56 subjects (55%) in the exposed group (P < 0.01).
Pleural thickening was identified in 14 (10%) HRCT scans, 13 of which were from the exposed group (P < 0.05; Figures 1 and 2; Table 3 ). Subjects in the exposed group had a higher incidence of thickening (P < 0.01).
Seven of the 14 subjects with pleural thickening had no accompanying parenchymal changes. All seven subjects (7%) with pleural thickening without parenchymal changes were in the exposed group (P < 0.05). The difference between the administrative and the exposed Table 3 . Distribution of pathologies on HRCT in PVC production workers Case 10  P  --+  --+  --1a  1a  Case 11  P  --+  -----1a  -Case 12  P  --+  --+  --1a  1a  Case 13  P  --+  --+  --1a  1a  Case 14  --+  ----+  +  -1a  Total  13  0  2  1  11  1  1  10  2  2  11 Focal ground-glass opacity was present in 9 out of 145 subjects (6%), all of whom were in the exposed group (P < 0.05). The distribution of ground glass opacity was bilateral lower lobes in seven subjects, bilateral middle and lower lobes in one subject, and right lower lobe in one subject. The right and left lower zones were the areas in which the ground-glass appearance was most frequently observed on HRCT.
Emphysema was detected in 8 (6%) subjects by HRCT. Three of these subjects were in the administrative group (7%) and five (5%) were in the exposed group (non-significant). All these subjects had mild emphysema (<15%), except for one subject with moderate emphysema (15-30%). All the subjects with emphysema were smokers. There was a statistically significant association between smoking and the incidence of emphysema (P < 0.05).
Exposure to dust increased the risk of changes on HRCT (odds ratio (OR) 4.2, 95% confidence interval (CI) 1.40-12.6, P < 0.05). However, working in different areas of the PVC production process or having a stove at home did not affect the risk of abnormalities on HRCT. Duration of work was not associated with HRCT changes in the administrative group, but there was a correlation in the exposed group (Table 4) .
There were no correlations between PFT parameters and respiratory symptoms or between forced vital capacity (FVC) values of the exposed group with or without pleural changes. However, subjects with a forced mid-expiratory flow (FEF 25-75 ) < 50% had a greater risk of changes on HRCT (P < 0.01). The particulate matter concentration was above the legal threshold (<5 mg/ m 3 ) [7] in the mixing department of one of the plants. However, the respirable dust concentration in the mixing department of one plant was 11.3 mg/m 3 , whereas it was 1.63 mg/m 3 in the second plant. The respirable dust concentration in the extruder raw material feeding department of the first plant was 1.83 mg/m 3 .
Discussion
This study found that exposure to PVC dust, at levels below the legal limits for respirable particulate matter, was associated with parenchymal changes and pleural thickening on HRCT. This is the first study demonstrating that exposure to PVC dust is associated with pleural thickening. To the best of our knowledge, there is no data in the English literature regarding HRCT findings in subjects exposed to PVC dust. In our study, 55% of those exposed to PVC had changes on HRCT. Irregular/linear opacity and emphysema on HRCT were detected in both the administrative and the exposed groups, whereas round opacity, ground-glass appearance and inhomogeneous attenuation were detected solely in the exposed group. Ground-glass opacity has been detected both in benign pneumoconiosis associated with siderosis and in pneumoconiosis with a propensity to progress to massive fibrosis, such as that associated with asbestosis, silicosis and silicoproteinosis [8] . Previous studies have shown that exposure to PVC dust causes parenchymal changes with two different patterns [3] . The first is interstitial fibrosis that is probably caused by immunological mechanisms triggered by VC monomers, and the second is a granulomatous reaction caused by PVC dust [3] .
Our study also found a large number of HRCT changes in the group without PVC dust exposure. We believe that this may be due to both (i) the high sensitivity of HRCT in detecting parenchymal changes that are not related to pneumoconsiosis and (ii) the fact that the administrative group was older and smoked more than the group with dust exposure. The occurrence of significantly more changes in the group with PVC dust exposure and the presence of irregular opacities and non-emphysematous changes only in the exposed group support our view.
A notable finding from the present study was the detection of isolated pleural thickening in seven workers exposed to PVC dust. In addition, seven subjects, six in the exposed group and one in the administrative group, showed pleural thickening accompanied by parenchymal changes on HRCT. There was no history of previous occupational or environmental exposure (such as exposure to asbestos) that may have caused pleural changes in these subjects. The medical histories of two subjects included diseases leading to pleural thickening, but the differences between the two groups were still significant after exclusion of these subjects. Pleural thickening in this study population cannot be explained by previous occupations, disease sequelae (such as tuberculosis) or environmental exposures (to materials such as asbestos). On the other hand, the bilateral occurrence of pleural thickening in 9 out of the 14 subjects diminished the likelihood that the origin of these changes was previous disease. The observed pleural thickening may, therefore, be due to the exposure of these workers to PVC dust. There is no data regarding pleural thickening in workers in the PVC industry. White et al. [9] reported the case of a patient with a history of pleuritic chest pain 2 years prior to diagnosis; however, this patient showed no pleural changes on HRCT. Apart from this case, there are no reports of pleural thickening in workers in the PVC industry. The contrast with the findings from the present study may be the consequence of the higher sensitivity of HRCT for detecting pleural thickening because all previous studies on PVC exposure were based on chest x-ray findings. The pleural thickening in our study mainly originated in the visceral pleura, was bilateral and located on the chest wall.
The main limitation of the present study was that we were only able to investigate two of the eight PVC manufacturing plants in Gaziantep because the directors of the remaining establishments refused to cooperate. The lack of cytological examinations of the sputum and of a control group of subjects who did not work in the PVC industry is the second limitation of the study. Another limitation of the study is that we were unable to exclude other environmental exposures completely. One could entertain the idea that pleural changes detected in the dust-exposed group are a consequence of environmental asbestos exposure, which is an ongoing problem in some rural areas of Gaziantep [10] . However, asbestos is present in the soil only in rural areas of Turkey and all of the study participants were city dwellers; moreover, none had a history suggestive of environmental exposure to 'ak toprak', a common name for asbestos-laden soil in Turkey meaning white soil, or occupational asbestos exposure. Household stoves might be regarded as another source of exposure affecting the lung and the pleura, but we consider this unlikely, as the stoves are used only for heating and have pipes to dispose of the combustion fumes and particles. They are completely different from pipeless cooking pits called 'tandır' (used for baking bread in rural parts of Turkey), which do cause indoor air pollution, and pipeless stoves (used for heating and cooking around the world), which lead to biomass exposure [11] . The lack of association between stove use and HRCT pathologies, in contrast to the association with PVC exposure in this study, also supports our view.
In conclusion, this study showed that pleural and parenchymal changes may be detected by HRCT, even when the PVC dust concentrations are within legal limits. This is also the first study demonstrating that exposure to PVC dust is associated with pleural thickening. However, the lack of a significant association between the changes on HRCT and PFTs necessitates further evaluation of the clinical significance of PVC-associated radiological abnormalities.
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